Probing Multi-dimensional Mechanical Phenotyping of Intracellular Structures by Viscoelastic Spectroscopy.
Mechanical phenotyping of complex cellular structures gives insight into the process and function of mechanotransduction in biological systems. Several methods have been developed to characterize intracellular elastic moduli, while direct viscoelastic characterization of intracellular structures is still challenging. Here, we develop a needle tip viscoelastic spectroscopy method to probe multi-dimensional mechanical phenotyping of intracellular structures during the mini-invasive penetrating process. Viscoelastic spectroscopy is determined by magnetic-drive resonant vibration (about 15 kHz) with a tiny amplitude. It not only detects unique dynamic stiffness, damping and loss tangent of the cell membrane-cytoskeleton and nucleus-nuclear lamina but also bridges viscoelastic parameters between mitotic-phase and interphase. Self-defined dynamic mechanical ratios of these two phases can identify two malignant cervical cancer cell lines (HeLa-HPV18+, SiHa-HPV16+) whose membrane or nucleus elastic moduli are indistinguishable. This technique provides a quantitative method for studying mechanosensation, mechanotransduction and mechanoresponse of intracellular structures from a dynamic mechanical perspective. This technique has the potential to become a reliable quantitative measurement method for dynamic mechanical studies of intracellular structures.